AD-A180  647 

TRACE  CHEMICAL  CONTAMINANTS  IN  A 
NEW  HUMAN  PRESSURE  CHAMBER 

P.K.  Weathersby 
R.S.  Lillo 
E.T.  Flynn 

and 

W.D.  Dorko 


|  Approved  for  public  release; 

1  distribution  is  unlimited 


i 


;  Naval  Medical  Research 

*  and  Development  Command 

|  Bethesda,  Maryland  20814-5044 


Department  of  the  Navy 
Naval  Medical  Command 
Washington,  D.C.  20372-5210 


NOTICES 


Tha  opinions  and  assartions  containad  harain  art  tha  pnvata  onaa  of  tha  writar  and  ara  not  to  ba  conatruad  aa  of¬ 
ficial  or  raflactmg  tha  viawa  of  tha  naval  sarvica  at  larga. 

Whan  U  S.  Govarnmant  drawings,  apacificationa,  or  othar  data  ara  usad  for  any  purposa  othar  than  a  dafinitaly 
ralatad  Govarnmant  procuramant  operation.  tha  Govarnmant  tharaby  incurs  no  raaponaibility  nor  any  obligation 
whatsoavar,  and  tha  fact  that  tha  Govarnmant  may  hava  formulatad,  furniahad  or  in  any  way  suppliad  tha  said 
drawings,  apacificationa,  or  othar  data  is  not  to  ba  ragardad  by  implication  or  otharwisa.  as  in  any  mannar  licena- 
ing  tha  holdar  or  any  othar  parson  or  corporation,  or  convoying  any  rights  or  parmission  to  manufactura.  uaa.  or 
sail  any  patantad  invantion  that  may  m  any  way  ba  ralatad  tharato. 

Plaaaa  do  not  raquast  copias  of  this  raport  from  tha  Naval  Madical  Raaaarch  Instituta.  Additional  copiaa  may  ba 
purchasad  from: 

National  Tachnical  Information  Sarvica 
5285  Port  Royal  Road 
Springfield,  Virginia  22161 

Federal  Govarnmant  agancias  and  thair  contractors  ragistarad  with  tha  Oefense  Tachnical  information  Cantar 
should  diract  raquaats  for  copiaa  of  this  raport  to: 

Oafanaa  Tachnical  Information  Cantar 
Cameron  Station 

Alexandria,  Virginia  22304-6145 


TECHNICAL  REVIEW  AND  APPROVAL 
NMRI  86-54 

This  tachnical  'aport  has  baan  raviawad  by  tha  NMRI  tciantific  and  public  affairs  staff  and  <a  approvad  for  publica¬ 
tion.  It  is  ralaasabla  to  tha  National  Tachnical  Information  Sarvica  whara  it  will  ba  availabla  to  tha  ganaral  public, 
including  forsign  nations. 


K.  SORENSEN.  CAPT.  MC,  USN 

Commanding  Officor 

Naval  Modical  Rasoarch  Institute 


REPORT  DOCUMENTATION  PAGE 


Vl/MJWA E 


REPORT  StC .R’v  CuASSiF'CATiON 

UNCLASSIFIED 


it  security  classification  author  ty 


29.  OLClASS.FCATiON/OOWNGRAOlNG  SChSOULE 


«  PERFORMING  O^CAN'ZATlON  REPORT  NUMEER(S) 
NMRI  86-34 


i  OiSTRliuTiON/ AvAiLAi.LlTY  OF  RSPOR 


Approved  for  public  release; 
distribution  la  unlimited 


5  MONITORING  ORGANIZATION  REPORT  NUM«|R(S) 


64.  NAVI  Of  PERFORMING  ORGANIZATION 

Naval  Medical  Research 
Institute 


Ac  ADORES*  (Cry,  Sraf*.  *M  HPCottt) 

Bechesda,  Maryland  20814-5055 


7a.  NAME  Of  MONITORING  ORGANIZATION 

Naval  Medical  Cotraund 


TV  AOORESS  (C/iy,  lute,  tnd  im  Coda) 
Department  of  the  Navy 
Washington,  D.  C.  20372-5120 


Sa  name  Of  FUNOiNG/ SPONSORING 
organization  Naval  Medical 


Research  4  Development  Conasand 


Sc  AOORESS  (C/«y,  State,  anVZ/a Code) 

Bethesda,  Maryland  20814-5044 


1 1  title  (irxiuOt  Sttuniy  C/Mlitwation) 


SO.  OFFICE  SYMBOL  I  »  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMSER 
Of  aaeacaGFe) 


10  SOURCE  OF  FUNOING  NUMSERS 


PROGRAM  PROJECT  TASK 

ELEMENT  NO.  NO.  NO. 

6371 3N  M0099  01A 


(U)  TRACE  CHEMICAL  CONTAMINANTS  IN  A  NEW  HUMAN  PRESSURE  CHAMBER 


tl.  personal  AUTHOR(S)  .  2 

P.K.  Weathersby,  R.S.  Llllo,  E.T.  Flvnn,  J.R.  Wyatt  ,  and  W.D.  Dorko 


1 3a.  TYPE  Of  REPORT 

Interim 


IS  SUPPLEMENTARY  NOTATION 


13b.  TIME  COVERED 

FROM  IAN  83  TO  NOV 


14  OAT|  OP  REPORT  (Tear, MorrtA,  Day)  h$.  PAGE  COUNT 

August  1986  I  18 


COSATl  COOfS 


GROUP  SUBGROUP 


CT  (Continva  «*•  t»v*t»a  if  rmtmtry 

The  Naval  Medical  Research 
1.97  7  and  began  human  exposures 
led  to  an  evolution  of  contamin 
poor  interior  paint  was  the  ma ) 
Many  initial  attempts  to  unders 
and  conflicting  analyses.  A  pc 
11  i  led  to  incon'  mlnation  hv  t 


•rf.-r,.-  e.i 


1989  with 


dives  was 


'lb. 'mi  -,r  r v  Division 
Nov  1 1  .<  ,■  sear  h  I.  ibora  r 
Washington,  !)C 


'>  SuSiECT  TERMS  (Cotifinve  on  revet m  it  neceoaty  tnt  spentity  by  Mac*  numbtr) 

y  S 

diving;  contamination*;  clQaed  environment;  .  (  t- 

life  support;  chemical  analvsls  /  h* /»»i/r«C  *f'A fn>* 


trxt  Mttnnty  by  Woe*  nwnotfl 

Institute  received  a  large  human  pressure  chamber  complex  in 
in  1981.  An  early  incident  of  organic  chemical  contamina* ion 
ant  analysis,  control,  and  removal.  On  the  suspicion  that 
or  problem,  the  chambers  were  waterblasted  and  ropatnted. 
tand  the  problem  were  frustrated  by  Incomplete  documentation 
rsistent  level  of  benzene,  toluene,  xylenes,  and  refrigerant- 
lushing  and  evacuation,  A  series  of  saturation  dives  were 
i  cert  if iablv  clean  chamber.  One  contamination  incident 
recognized  and  remedied.  .  " 

2  j 

“Center  for  Analytical  Chemistry 
National  Bureau  of  Standards 
(1  i  ithersburg,  MD  20899 


20  O'STPtRUTiON /  AVAllAEmTY  OP  ABSTRACT 

UNCIASSIFIIOAJNUMITEO  □  SAME  AS  RPT 


zi.  aistract  Security  classification 


One  USERS 


lit  NAME  of  RESPONSIBLE  INCIVIOUAL 

Rosaaary  Co»k«y,  InfonaAtlon  Service*  Branch 


22c.  OFFICE  STMEOL 
ISB/Adaln/NKRI 


OO  FORM  1 47],  M  MAR 


S3  APR  fdition  may  04  uM  until  ttnaiit**. 
All  otnaf  abitiom  #>•  oewieta 


UNCLASSIFIED 


r 

i; 


TABLE  OP  CONTENTS 

Page  Number 

Abstract  .  1 

Background  .  . .  1 

History  of  NMRT  Chamber . . . ,  .  2 

Analytical  Methods  . 4 

Baseline  Studies  .  .......  .  ....  7 

Decontamination . 6 

Gas  Purity  bn  Saturation  Dives  .  .  . . . . .  .  11 

Contamination  Incident  . . 12 

Conclusion . 14 

References . 16 

LIST  OF  TABLES 

Table  1 .  1984  Chamber  Baseline  Analysis .  9 


BACKGROUND 


Closed  ecological  systems  present  unique  problems  In  human  toxicology. 

The  major  problematic  systems  are  nuclear  submarines,  manned  spacecraft,  and 
saturation  diving  systems.  Tn  each  case,  men  are  restricted  to  an  environment 
that  does  not  exchange  with  "fresh  air"  for  periods  of  days  to  weeks.  Large 
development  programs  have  been  beneficial  to  submarines  and  spacecraft,  but 
few  findings  have  been  translated  to  the  diving  environment.  The  Naval 
Research  Laboratory  OTRL)  has  pursued  submarine  contamination  studies  since 
1958  (Saalfeld  A  Saunders,  1979)  and  NASA  has  maintained  an  interest  since 
manned  spacecraft  projects  in  the  1960's  fConkle  et  al.,  1970).  The  diving 
community  has  been  much  less  involved,  with  essentially  only  one  document  now 
addressing  the  issue  fNAVMAT,  1976).  The  contamination  problem  in  diving 
systems  is  compounded  by  exposure  to  higher  total  pressures,  which  amplifies 
the  hazard  of  contaminants  in  compressed  breathing  gas.  Because  the  higher 
pressures  are  provided  by  compressed  helium  or  nitrogen  which  dilutes  the 
toxic  gas,  greater  analytical  sensitivity  is  required  to  detect  the  same  toxic 
partial  pressure  of  the  contaminant.  Sensitive  chemical  analyses  of  closed 
environments  can  detect  several  hundred  individual  organic  compounds  fSaalfeld 
and  Saunders,  1979),  but  even  an  excellent  laboratory  would  require  months  to 
evaluate  such  a  complex  chemical  profile. 

Even  though  the  need  to  monitor  contaminants  in  a  pressure  chamber  has 
been  acknowledged  for  years,  several  incidents  have  occurred.  Recause  of  the 
overall  lack  of  suitable  instrumentation,  all  incidents  that  have  been 
reported  were  first  recognized  by  the  divers  reporting  symptoms. 

The  first  occurred  at  the  Experimental  Diving  Unit  in  1974.  A  new  whip 
^flexible  high  pressure  hose),  certified  by  the  manufacturer  as  "oxygen- 
clean,"  was  actually  filled  with  several  ounces  of  liquid  trichloroethylene. 


1 


CjHjCljt  a  cleaning  solvent.  The  whip  was  placed  into  service  connecting 
breathing  masks  in  the  chamber  to  an  experimental  gas  bank  while  the 
inhabitants  were  at  1000  fsw  (feet  of  sea  water''  or  about  31  atmospheres  of 
pressure.  The  problem  was  first  identified  by  unsteadiness  in  the  divers 
breathing  from  the  masks,  followed  by  a  diver’s  report  of  an  unusual  odor, 
"like  perfume."  Tt  was  quickly  determined  that  all  emergency  breathing  gas 
hanks,  as  well  as  the  "make-up"  tube  truck  and  hanks  of  1007  helium,  had  been 
contaminated.  Thus,  it  was  not  possible  to  place  the  divers  on  emergency 
breathing  gas  or  to  maintain  the  depth  of  the  chamber  allowed  to  decompress  by 
passive  leakage  for  three  days  while  a  new  source  of  clean  helium  was 
obtained.  The  entire  chamber  atmosphere  was  then  replaced  and  normal 
decompression  resumed.  At  all  times  during  the  casualty,  management  was 
complicated  by  conflicting  reports  from  several  laboratories  on  the  nature  of 
the  contaminant (s)  present  and  the  levels  to  which  the  divers  had  been  exposed 
(Flynn,  E.T.  unreported  observations). 

The  second  reported  incident  occurred  on  an  Fxperimental  Diving  Unit 
operation  at  the  facilities  of  Taylor  Diving  and  Salvage  Co.  (Thalme.nn,  19731. 
Again,  a  cleaning  solvent,  Refrigerant-113,  was  accidentally  spilled  into  the 
chamber.  The  chamber  was  at  about  400  fsw  and  a  worst  case  calculation  showed 
a  possible  concentration  over  1200  ppm.  The  operation  was  delayed  for 
decontamination  although  final  analysis  gave  about  30  ppm  of  the  solvent. 
Luckily,  neither  incident  resulted  in  known  mortality  or  morbidity,  hut 
standard  procedures  could  not  prevent  a  reoccurrence  ^see  incident  reported 
below).  At  least  two  other  chamber  contamination  incidents  have  apparently 
occurred,  one  at  a  Navy  facility  in  California,  the  other  in  Norway.  Neither 
case  has  heen  reported  in  detail. 

F.arlv  History  of  the  irURT  Chamber 

During  1977  two  separate  chambers  with  total  volume  of  2300  cu  f t  were 


7 


delivered:  a  twc -chamber  complex  rated  at  1500  pslg  ^3365  fsw)  were 
designated  chambers  A  and  T,  and  a  three-chamber  complex  rated  at  1000  pslg 
(2?A5  fsw).  Over  the  next  3  years,  both  sets  were  installed,  connected  to 
piping  systems  (of  mild  carbon  steel),  and  tested  against  certification 
standards.  C.as  samples  analyzed  during  this  period  showed  compliance  with  the 
then  existing  standard  (<  ?5  ppm  total  hydrocarbon!  but  testing  details  are 
unavailable.  Other  file  evidence  shows  a  controversy  about  detection 
methodology,  i.e.  detector  tubes  vs.  gas  chromatograph.  To  comprehensive  test 
plan  is  evident  in  the  records. 

In  August  1981  a  saturation  dive  was  aborted  when  diver-sublects  reported 
paint  blisters  bursting  on  the  inside  of  the  chamber  and  releasing  fumes.  One 
diver  (a  medical  officer  with  a  biochemistry  Ph.IO  suspected  that  the  fumes 
were  probably  ketotoe.  Mo  systematic  analysis  of  that  atmosphere  was 
performed,  and  diver  health  was  presumed  not  threatened  because  the  depth  was 
shallow  enough  to  permit  immediate  surfacing.  Later,  the  suspect  paint  was 
water  blasted  and  touched-up.  Faulty  initial  painting  of  the  chamber  appeared 
to  be  the  problem.  Samples  of  paint  flakes  were  much  thicker  than  called  for 
in  original  chamber  specifications. 

Many  chamber  refurbishments  and  sub-saturation  air  (shot-  exposure)  dives 
were  performed  over  the  next  several  years.  About  6  spot  samples  of  chamber 
atmosphere  were  analyzed  during  that  time  by  commercial  laboratories  using 
both  gas  chromatography  and  mass  spectrometry.  Records  of  equilibration  time, 
sample  location,  chamber  pressure  at  time  of  sampling,  etc.,  were  incomplete. 

At  one  time  or  another  benzene,  toluene,  xylenes,  methvlethyl  ketone, 
metby lisobutyl  ketone,  dimethyl  formamide,  isopropyl  alcohol,  hexane,  acetone, 
and  refrigerant  R-113  <C ^  Cl^  were  reported  in  disturbingly  high 
concentrations.  Several  other  unidentified  ketones,  alcohols,  aromatics  and 
aliphatics  were  reported  in  levels  >  0.1  ppm.  Mo  consistent  pattern  was 
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discernible  either  in  the  identification  or  quantity  of  chemicals  but 
concentrations  of  0.5  to  50  ppm  were  suspected.  Duplicate  samples  sent  to 
different  laboratories  produced  conflicting  results.  Similar  disagreement  had 
been  reported  by  NASA  (Conkle,  et  al.,  1970). 

Suspected  sources  for  the  contaminants  were  too  numerous  to  Isolate  the 
problem(s).  One  sample  with  a  very  high  isopropyl  alcohol  level  was  later 
determined  to  have  been  drawn  through  a  pressure  gauge  line  that  "had  a  liquid 
discharge  when  first  opened".  (This  alcohol  is  commonly  used  in  pressure  gage 
connections  when  the  gage  is  cleaned  and  calibrated,  but  the  calibration 
procedures  also  specify  solvent  removal) .  A  variable  but  high  R-113  level  was 
reported;  the  highest  from  a  large  scuba  bottle  used  occasionally  for 
sampling.  The  bottle  had  been  cleaned  using  a  R-113  procedure  at  a  time  when 
an  instrument  to  monitor  those  vapors  was  not  available.  Benzene,  xylenes, 
and  toluene  were  commonly  found,  but  not  in  constant  amounts.  The  chamber 
paint  contained  toluene  and  o-xylene  as  solvents,  as  did  several  adhesives 
used  for  many  applications  in  the  chamber  and  in  a  maintenance  shop  20  feet 
away.  The  shop  was  also  used  in  off-hours  for  personnel  to  work  on  automobile 
parts,  including  soaking  parts  in  auto  fuel  (unleaded  gasoline  contains  many 
aromatics).  Many  standard  chamber  items  at  that  time  (breathing  masks,  hoses, 
noise  protector  earmuffs,  etc.)  were  constructed  of  rubber  and  plastic 
materials.  Once  these  materials  had  been  exposed  to  solvent  vapors,  they 
would  serve  as  long  term  sources  of  contaminants  by  the  well  known  but 
difficult  to  predict  process  of  polymer  sorption  (Williams,  1970;  Vind  and 
Mathews,  1970). 

Analytical  Methods 

To  solve  the  contamination  problem,  it  was  necessary  to  first  establish 
the  actual  nature  and  amount  of  chemicals  in  the  chambers.  Toxicology 
standards  (Wands,  19681  provide  upper  limits  to  allowable  compounds  in  the 


4 


parts  per  million  (ppm)  range.  Most  instruments  associated  with  diving 
operations  do  not  have  nearly  that  high  a  sensitivity.  Furthermore,  the 
toxicology  standards  are  interpreted  as  a  partial  pressure  at  1  ATA 
( atmospheres  absolute^  total  pressure.  To  detect  a  contaminant  with  a  room 
pressure  instrument  drawn  from  a  1000  fsw  dive  (31  ATA> ,  the  instrument 
reading  needs  a  31-fold  correction  to  obtain  the  actual  partial  pressure. 

One  simple  instrument  available  is  the  photoionization  detector  (PIP) 
(Spain  et  al.,  19F0)  (Model  PT  101,  HNU  Corp.).  This  device,  soon  to  be 
issued  to  the  submarine  fleet,  has  parts  per  million  sensitivity  to  many  ■ 
compounds.  A  lamp  with  well  defined  photon  enetgy  ionizes  any  molecules  with 
a  sufficiently  lov?  ionization  potential  (typically  10.2eV)  and  the  ion  current 
is  amplified  as  output.  Since  the  major  background  gases  (0^,  Nj,  Hel  and 
many  contaminants  that  can  reach  high  levels  (C0„,  CH.  low  alcohols)  do  not 
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ionize  that  easily,  the  device  has  low  background;  however,  it  has  high 
sensitivity  for  double  bond  and  aromatic  ring  structures.  The  device  is 
simple  to  operate  and  regular  use  hy  enlisted  men  is  possible.  Its  single 
channel  output,  however,  makes  interpretation  impossible  when  multiple 
contaminants  are  present. 

Complex  mixtures  are  more  easily  analyzed  if  the  components  can  he 
separated,  thus  gas  chromatography  (CC)  is  a  common  technique.  For  a  modestly 
complicated  mixture  fe.g.  a  dozen  compounds''  whose  identities  are  known*  CC 
can  be  a  sensitive  (approximately  0.1  ppm)  and  precise  (relative  error  <  1071 
technique.  Its  drawbacks  include  the  inability  to  identify  unknown 
components,  except  by  trial  and  error  matching  of  elution  tines,  and  the  need 
for  trained  experienced  operators. 

Another  available  instrument  is  the  mass  spectrometer  CMS).  This  device 
Ionizes  and  fragments  gas  molecules  and  senses  the  molecular  weight  of  the 
fragments.  Oualitative  identification  of  the  parent  molecule  is  rather  easily 
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achieved  by  a  skilled  operator.  The  difficulty  increases  greatly  as  the 
number  of  compounds  present  increases  although  computerized  "library"  search 
and  match  programs  aids  in  the  process.  The  instruments  are  difficult  to 
maintain  and  to  use  in  a  quantitative  mode. 

The  best  choice  for  messy  samples  is  a  hybrid  gas  chromatograph-mass 
spectrometer  <GC-MS).  Even  complex  mixtures  can  be  separated  by  the  GC  into 
sub-samples  which  the  MS  can  identify.  Hot  surprisingly,  such  an  instrument 
is  expensive  and  difficult  to  operate  and  maintain.  When  the  number  of 
components  gets  very  large  <100  or  more)  the  prospects  for  total 
identification  diminish.  For  example,  in  samples  of  submarine  atmospheres, 
several  hundred  compounds  can  be  found,  most  of  which  have  not  been  identified 
(Saalfeld  and  Saunders,  1979). 

An  additional  processing  step  can  be  used  when  the  expected 
concentrations  are  quite  low.  Absorption  of  organic  molecules  on  activated 
charcoal  or  Tenax  (Tenax  is  polymeric  2,  6-diphenyl-p-phenylene  oxide,  sold 
by  Applied  Science,  State  College,  PA)  can  serve  to  concentrate  the 
contaminants  when  they  are  subsequently  flash  desorbed  onto  the  GC  fP.ippstein 
and  Coleman,  1983).  Some  quantitative  precision  is  lost  by  the  additional 
processing  steps,  but  sensitivity  to  "well  behaved"  compounds  can  increase  by 
a  factor  of  100  or  more. 

Part  of  the  overall  analysis  problem  Concerns  the  details  of  gas 
handing.  Instruments  do  not  operate  in  the  pressure  chambers,  so  gas  samples 
must  be  brought  to  the  instrument.  Gas  movement  through  tubing,  valves  and 
regulators,  and  storage  in  metal  or  plastic  containers,  can  both  add  and 
remove  contaminants  if  extreme  care  is  not  exercised.  Evaluation  of  the 
entire  sampling  and  analysis  process  is  a  laborious  but  quite  necessary  step. 

At  the  time  the  chamber  problems  ca.ne  to  light,  none  of  the  instruments 
and  procedures  discussed  above  were  available  in-house.  Advice  and 
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Instruments  had  to  be  sought  elsewhere.  The  final  equipment  and  procedures 
development  for  a  local  contamination  monitoring  program  will  be  presented  in 
another  report. 

Baseline  Studies 

Early  in  1984  a  systematic  procedure  was  instituted  to  establish  the 
contamination  status  of  the  chambers.  All  possible  non-metal  components  were 
removed  and  a  complete  inventory  of  remaining  items  was  taken.  Component 
chambers  were  flushed  with  high  purity  helium  and  held  at  a  modest  pressure 
(35  to  100  fsw'  for  7  days.  The  3  chambers  (designated  "A".  "I)"t  and  "R"l 
under  study  were  kept  Isolated  by  pressure  differences  across  lnter-chember 
doors  and  the  contents  mixed  periodically  by  blowers  in  the  3  life-support 
loops.  Normal  purification  beds  of  a  caustic  scrubber  Sodasorb  (High 
Performance  Sodasorb,  Dewey  and  Almy  Chemical  Division,  V.R.  Grace  Co., 
Lexington,  MA) ,  a  mixed  alkali  metal  hydroxide  for  CO,  removal,  and  Purafil 
(Puiafil  II,  Purafil  Tnc.,  Atlanta,  GA) ,  a  permanganate  chemisorbant  for 
"odor  removal"  were  deliberately  omitted  during  this  test. 

Samples  were  taken  into  aluminum  cylinders  similar  to  those  successfully 
used  for  long  term  storage  by  the  National  Bureau  of  Standards  for  Standard 
Reference  Materials  (SFM)  reference  gases.  These  cylinders  were  said  to  be 
valued  and  cleaned  by  the  same  procedures  used  for  SRM  cylinders.  Powever, 
tl”  ic  sample  cylinders  were  smaller  than  SRM  cylinder  and  were  later  found  to 
be  internally  coated  by  an  unidentified  semi-Svilid  black  layer  produced  by  a 
different  preparation  treatment  by  the  manufacturer.  Tn  practice,  the  small 
cylinders  were  found  to  exhibit  a  "memory"  for  previous  gases  in  the  cylinder, 
presumably  by  adsorption  to  the  interior  surfaces.  For  their  initial  use 
however,  they  were  cleaned  by  heating  under  vacuum  and  thus  false  positive 
information  was  not  a  problem.  The  cylinders  were  subsequently  returned  to 


the  suppllar  and  replaced  with  stainless  ptaal  cylltdera. 

Analyses  were  run  cn  a  'JC-MS  svsfea  at  KRT.  with  a  Tenar  absorbent  In  a 
sami-quantitatlv*  aoda.  The  analysis  was  not  sat  to  Maximally  recover  all 
gases  present  so  results  ware  praciae  to  within  about  a  factor  of  3.  Also, 
for  the  first  tine  at  thla  command,  quality  control  of  the  analysis  was 
attempted.  Duplicate  cylinders  of  each  aampla  and  several  commercially 
purchased  calibration  gaa  samples  ware  also  submitted;  all  with  only  a 
numerical  Identification.  Table  1  summarises  the  results  from  the  chamber 
samples.  Benrene,  toluene  and  xylenes  were  the  only  gaaea  found  despite 
running  a  long  GC  exposure.  Duplicates  agreed  within  *b"ut  a  factor  of  4. 

Only  one  chamber  evened  to  have  a  benrene  contamination.  An  attempt  to  check 
outgasalng  kinetics  by  comparing  early  samples  w' th  thost  taken  atter  3  and  7 
days  of  Incubation  wera  frustrated  by  low  precision. 

Though  thla  test  was  only  partially  successful  at  cha-acterirlng  the 
haaellne  statua  of  the  chambers,  soma  Information  was  gained,  rhe  level  of 
total  aromatic  hydrocarhona  In  D  chamber  appears  m  exceed  the  90-day  limit 
recommended  for  submarine  atmospheres  (NAVMAT  197M  and  desired  for  long 
saturation  dives. 

Decontamination 

Rather  than  commit  th-»  time  and  resources  to  verity  and  further  quantify 
contamination ,  a  aeries  of  steps  was  Initiated  to  lower  the  amount  of 
hydrocarhona  In  the  entire  system. 

The  most  heavily  contaminated  was  chamber,  D,  the  largest  chamber  by 

3 

virtue  of  the  associated  *>*)()  feet  vetpot.  Chamber  D  had  the  greatest  problem 
tn  paint  adhesion  and  several  areas  had  he' n  covered  with  numerous  touch-up 
coats.  The  bolted  lolnt  connecting  the  main  chamber  and  the  wetpot  had  a 
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TABLF  1 


1984  Chamber  Baseline  Analysis 
(all  In  ppm  v/e  aftar  dapth  correction) 


Sample  location  and 

chaiebar  depth 

Benrene 

Toluene 

Xelenefs) 

Chamber  A 


day  0,  75  few 

am 

- 

- 

m 

*• 

- 

day  7,  40  fav 

2.6 

10.4 

4.2 

<  2 

2.7 

3.6 

Chamber  D 

day  0,  102  few 

•» 

• 

• 

- 

<  2 

<  7 

day  3.  85  fav 

• 

9.1 

5.4 

- 

4.7 

3.8 

day  t,  56  fav 

am 

11. 0 

6.1 

- 

3.9 

<  2 

Chamber  It 

day  0.  75  fev 

• 

•* 

«» 

* 

7.1 

- 

day  3,  58  frw 

- 

• 

• 

- 

<  2 

<2 

day  7,  36  fav 

• 

<  2 

<  7 

- 

<  2 

<  7 

-  -  no  measurable  reading 

Mote*:  1.  No  gas  added  during  axpo*urc  period. 

2.  Depth  change  during,  exposure  due  to  gas  loan  from  closed 
chambers. 


recess  that  had  been  rapeatedly  apray  paintad  to  an  unknown  depth.  These 
poorly  characterized  paint  layers  were  suspected  as  a  persistent  scurca  of 
solvent  vapor. 

The  applications  of  heat  and  vacuum  were  considered  for  chamber 
decontamination.  Since  the  chamber  had  many  fittings  designed  to  seat 
properly  when  Internal  pressure  exceeded  ambient.  Initial  evacuation  was 
frustrated  by  a  sequence  of  loaks  that  were  Individually  found  and  then 
remedied.  A  760  1/mln  rotary  vana  pump  (heyhold-Peraeus  model  P30A)  was 
eventually  required  to  achieve  an  evacuation  to  about  0.0]  ATA.  A  vapor  trap 
of  i  liter  of  alumina  was  placed  in-line  to  prevent  oil  back  streaming. 
Fvacuatlon  continued  for  about  one  week.  Heat  application  was  not  very 
extensive  due  to  limited  available  eoulpment  and  concern  over  exceeding 
thermal  limits  specified  in  the  system  certification  procedure.  Initial  gas 
heating  and  pipe  heating  in  the  recirculation  loops  were  all  that  could  ba 
consistently  used.  Maintenance  of  several  hundred  gallons  of  hot  water  in  the 
wet  pot  aerved  at  one  point  to  demonstrate  the  low  boiling  point  of  H^O  at 
reduced  pressures. 

Components,  especially  rubber  face  masks  and  hoses,  were  also  highly 
suspect  as  advent  sources.  They  would  have  absorbed  and  slowly  released  all 
organic  vapors  over  the  course  of  an  unknown  history.  To  attempt  removal  of 
none  of  their  contaminants,  the  components  were  placed  In  a  small  chamber 
which  had  been  cleared  and  found  nearly  free  of  organic  vapor.  Over  the 
course  of  at  least  4  days  the  chamber  was  evacuated  to  less  than  .001  ATA, 
backfilled  with  pure  1'^  at  about  40  pal  for  a  day,  and  evacuated  again. 
Analysis  was  performed  on  samples  after  a  final  48  h  cycle  of  pure  gas 
exposure. 
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Gas  Puritv  on  Saturation  Dives 

Three  saturation  dives  of  7-21  days  duration  were  scheduled  for  summer  of 
1984.  Before  the  first  dives  began,  e  final  check  of  total  system  purity  was 
performed.  For  this  test  the  two  chambers  designated  were  equipped  with  all 
the  operational  and  experimental  apparatus  that  would  he  present  during  the 
dive.  The  chambers  were  then  flushed  with  bulk  helium  and  held  at 
approximately  1-4  ATA  for  five  days.  The  chambers  were  again  mixed  using  the 
life  support  unit  pumps  without  any  absorbents  in-line.  After  the  exposure, 
original  and  post-exposure  gases  were  analysed  by  a  GC  with  a  flame  ionization 
detector  fPTDl.  Unmarked  calibration  gas  samples  of  about  ID  ppm  each  of 
benzene,  toluene,  and  xylene  were  included  in  the  ramples  sent  to  NRL  for 
analysis.  The  calibration  gases  were  accurately  identified.  The  chamber  and 
flush  gas  samples  were  found  to  be  free  of  those  compounds  et  a  aensitivlty  of 
about  0.5  ppm.  However,  D-113  reappeared  in  the  chamber  samples  at  <  1  ppm. 
The  freon  was  agsin  attributed  to  components  recently  cleaned  with  that 
solvent.  ‘rhe  chambers  were  deemed  S3fe  for  occupancy  from  a  contamination 
standpoint . 

Special  attention  was  paid  to  components  used  in  chamber  experiments. 

For  example,  cardlo-respl ratory  experiments  called  for  gasbags,  tubing, 
mouthpieces,  etc.  that  totalled  several  pound*  of  rubber,  most  of  it  assembled 
hy  adhesivea.  To  prevent  secondary  contamination  of  the  chamber,  none  of  this 
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equipment  was  permitted  on  the  dive  unless  It  completed  a  severat  day 
off-gassing  test.  Vost  components  appeared  satisfactory  in  that  tent,  hut 
some  electrical  >  onnecf Icon  ricentlv  potted  for  watertight  Integrity  were  not 
allowed  ’n  the  chamber  because  of  substantial  emission  of  a  ml.--  *  solvent. 
Desired  components  with  an  unavoidable  solvent  were  treated  differently. 

These  Include  electrode  paste,  adhesive  tape,  etc.  Samples  were  lirst  checked 
for  off-gassing  to  Identify  the  volatPe  species.  For  a  set  of  HFC  electrodes 
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and  their  adhesives,  toluene  and  iso-octane  were  found.  Chamber  use  of 
materials  in  this  category  vas  permitted  in  short  time  intervals.  Flectrodes 
were  sent  into  the  chamber  immediately  prior  to  experimental  use  and  removed 
immediately  afterward. 

A  contamination  surveillance  program  was  maintained  throughout  the  dives. 
Samples  of  chamber  gas  were  checked  with  the  P1D  dally.  Since  that  instrument 
is  quite  sensitive  to  aromatic  compounds,  an  early  recurrence  of  benzene  or 
toluene  problems  could  be  detected.  In  fact,  this  PTD  showed  no  such  problem 
during  any  of  the  three  saturation  dives.  A  number  of  samples  were  also  taken 
of  chamber  gas  for  GC/F1P  analysis.  V’ith  the  striking  exception  described 
later,  these  samples  also  appeared  free  of  any  hydrocarbons  at  1  ppm  or 
greater. 

Procedures  during  the  dives  can  reduce  contaminants  below  the  level  found 
in  a  prolonged  unmanned  exposure.  Initially  the  gas  should  be  rather  clean 
since  hulk  helium  and  oxvgen  are  used.  These  gases  tend  to  arrive  from  the 
supplier  after  an  intrinsically  clean  cryogenic  separation  process.  Build-up 
of  off-gassing  products  from  the  chamber  and  equipment  are  partially  diluted 
by  the  numerous  air-lock  runs  and  tests  of  emergency  gas  supplies  that  result 
in  deliberate  loss  of  chamber  gas  with  clean  replacement.  Also,  a  proprietary 
"odor  control"  absorbent  is  used  in  the  gas  recirculation  system. 

Contamination  Incident 

One  experiment  on  the  first  of  the  19B&  saturation  dives  (200  fsw) 
required  divers  to  exercise  while  breathing  a  gas  different  from  chamber  gas. 

£  diver-subject  exercising  for  6  minutes  on  a  stationary  bicycle  while 
breathing  the  test  gafe  by  face  mask  reported  a  "funny  taste",  and  became 
dizzy.  Other  divers  assisted  him  in  removing  the  gas  supply  mouthpiece. 

Within  30  minutes,  a  contaminated  gas  supply  was  suspected  and  all  divers  were 
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in  *n  isolated  adjacent  chamber,  ordered  to  don  emergency  face  masks,  and 
breathe  from  an  emergency  gas  supply. 

The  source  of  test  gas  in  this  experiment  was  a  1.7  cu  ft  cylinder.  It 
was  owned  by  this  Command  hut  had  recently  been  sent  to  a  gas  supplier  to  be 
cleaned  and  re-valved.  Upon  its  return  the  cylinder  was  charged  here  with  a 
mixture  of  5%  oxygen  in  helium.  Continuous  measurement  of  0 ^  was  performed 
during  and  again  after  mixing.  A  number  of  other  cylinders  were  prepared  and 
charged  the  same  way.  No  post-mixing  analysis  for  hydrocarbons  was  performed 
on  any  of  these  or  other  cylinders  used  for  experiments. 

When  the  incident  occurred,  the  cylinder  was  closed  and  a  PTD  reading 
taken  on  the  distribution  header.  The  instrument  showed  a  deflection 
equivalent  to  about  20  ppm  isobutylene  in  air,  the  local  calibration  gas.  To 
avoid  the  instrument  sensitivity  to  background  gas,  the  PIP  was  recalibrated 
with  a  benzene/helium  mixture.  The  contaminated  cylinder  hcd  5  ppm  equivalent 
of  that  gas.  Steel  sample  cylinders  were  sent  to  two  other  institutions  having 
a  GC-MS  capability.  In  the  meantime  the  gas  was  bled  into  a  local  quadropole 
mass  spectrometer  (UTI-100  C  Analyzer)  which  had  not  previously  been  used  to 
identify  unknown  samples.  Significant  peaks  were  found  at  mass  units  hi ,  97, 
and  99.  Searching  tabulated  mass  spectra  fComu  and  tfasaot,  1975)  and 
consulting  other  chemists,  a  tentative  identification  of  methyl  chloroform  was 
achieved.  Since  the  PTD  response  to  this  compound  was  expected  to  be  quite 
low,  and  since  the  divers  were  exposed  at  7-fold  increase  in  partial  pressure, 
their  exposure  was  feared  to  be  in  the  anesthetic  range  for  the  compound, 
about  2000  ppm,  surface  equivalent  (Carchman  et  al.,  1984).  Analysis  of 
chamber  gas  showed  a  very  low  reading  on  the  PTP.  Because  no  sensitive  way  to 
determine  actual  chamber  levels  of  methyl  chi oroform  was  available,  all 
chamber  gas  was  vented  after  the  divers  were  moved  to  an  adjacent  chamber  8t 
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the  sane  depth.  Divers  were  permitted  to  breathe  chamber  gas  once  It  had  all 
been  replaced  six  hours  later. 

Analysis  of  gas  samples  performed  at  two  different  laboratories  confirmed 
the  major  contaminant  as  methyl  chloroform  at  a  level  of  about  250  ppm  v/v. 
Both  labs  also  reported  other  contaminants.  One  lab  suggested  the  presence  of 
dloxane,  but  reported  difficulties  in  confirming  the  specific  isomer  present. 
The  other  lab  reported  the  presence  of  vinyl idene  chloride  as  well  as  dloxane. 
Both  of  these  compounds  are  found  in  industrial  grades  of  methyl  chloroform 
(Saunders,  1965). 

The  source  of  the  problem  was  traced  to  the  cleaning  vendor.  The  vendor 
had  been  In  the  process  of  changing  quality  control  managers  at  thp  time,  and 
the  solvent  (industrial  methyl  chloroform)  had  not  been  properly  purged  from  2 
of  the  13  cylinders  that  were  processed.  Medical  follow-up  of  the  diver  who 
inhaled  the  gas  showed  no  evidence  of  liver  or  bone  marrow  toxicity.  Rubber 
components  that  had  been  contaminants  were  discarded.  The  affected  piping 
systems  were  flushed  until  residual  methyl  chloroform  fell  to  <  10  ppm  at  the 
start  of  the  next  dive. 

Conclusion 

Chemical  contamination  of  manned  diving  systems  is  a  recurring  problem. 
Incidents  of  gross  contamination  are  probably  under-reported,  long  term  low 
level  problems  may  be  very  common  because  detection  programs  are  non-existent 
at  most  installations.  Regulations  only  require  a  serious  evaluation  at 
initial  system  certification,  and  even  thia  process  can  miss  many  problems. 

Monitoring  of  chemical  contamination  at  this  facility  has  evolved  with 
little  guidance  from  existing  Navy  publications.  Mistakes  and  changes  of 
direction  were  inevitable.  Some  lessons  were  learned  quickly,  such  as  the 
importance  of  complete  documentation  of  test  conditions  and  the  desirability 
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of  clean  habit 8  over  decontamination.  Other  lessons  are  learned  more  slowly, 
such  as  how  a  believable  and  efficient  surveillance  program  should  be 
conducted.  A  set  of  standard  procedures  will  be  the  subject  of  a  subsequent 
report.  Knowledge  of  historical  problems  and  their  solutions  can  Increase  the 
safety  of  all  Navy  hyperbaric  chamber  operations. 
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